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mm^] mmm 

-e ® m 1 © X 7^ y T'# ^ ti fc^ 1 (om^^Mm ^^tiz. mm^mm: y-v 

mm(Dmmmiim.mmxmm^^^2^k7ii^m±Km 
mizML. mnm. xit.mMmx:^^^^rvrizM-t^^mmmmm^-^^&t=. 
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[0 0 0 1] 

iCxMMti^^ia^M (OFDM) m-^S: loO^^y TT'^^Lfc 

[0 0 0 2] 
[«&5f5(Z>K^g] 

So 

[0 0 0 3] 

QAM^^SrffoT^j^li-SttigMtSfit^J^ill^M^M^^tt, 7= 
tJ^\^iS^ K>r > ^ - A;i/i9^$:tgi-j-T=b^j^^^®<BT ^'pfs^ < r i: A^T-^ 
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[0 0 0 4] 

^(DW.^M^WL'^^^M^M^Mit. QAM (Quadrature Amplitude Modulat 
ion) -^QPSK (quadrature phase shift keying) (D^^IZ. ffi^-fg^Srl^ffi 
fig^ H m^^^i)^ ^ ^ hLTQAM, QPS K^M b r=.mm(D ^^V 

r§:MMt5tfft-hlCiBg$i±. v;i/^:5r^ U Tt^-^J? I F F T (Inverse fast F 
ourier transform ; 3^6:7 _ i; xg^il) ^^^JM#C^g| bfelli!CS|Sfe J: 

[0 0 0 5] 
[0 0 0 6] 

mmizBtm^mmm^m^mm^^^mmit. q am v br > ^^mi^ i o , 

I F FTIt^imi^l 2, K-f> 3?- A;i/#inilll^l 3, Mft^rjT^-^^mill 
g&14a, 1 4 b. D/A^il^l 5 a, 1 5 h . Ti-U ^W.^^m^ 17 . Jk 

tjfA> 1 9 J; »;^fig$ti€>c 

[0 0 0 7] 
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[0 0 0 8] 
[0 0 0 9] 

5 a, 1 5 hiz^*)ri-u^m-^izmm^nxr-^uvm:^^m^i vie 

[0 0 10] 

F D M##^^;5)^s3g $ ti T ^kmcDM^ vtjt^^ismmmm izm^^ $ ti, r -e « 
mmm^m. mt!mmrjtiff^nt>n. t(Dmizvx^m^nr:im^it^^m^v 

$ tiS J: -3 IC «i o T V^ c 
[0 0 1 1] 

^17 2, 111, jkz:^mz<Dmm^ (x) , jsttF^nic^ (+) ^^jm^-^nxi^ 
-§^«&$tism5[^«-^ii4JKMMig«^i 7 ii)-^^^m^n^^mmmm^ 
(Dmnrn iz^i)mm.^ti^th%iz. mm^n^ mm^mmt ^ mmm^ 
m^i 7 lii-^^mm^ti^^mmmm^^Q o^^^a^i 7 2icj;y^*B$ti;t 
*^^a^#-^i:fi2 ©^^^T'^ics^i, :i<Dmz}^xmm.^nr=.m i ©^m^ 
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[0 0 12] 

i)^co t 7?feSsiii<a t (Om-^^ 9 Ofg^^B^lCj: tj^ffi?: 9 0° t/y h bfecosco 
[0013] 

[0 01 4] 

i: e» i: *r -5 ^ % :& ^ ti T V N S „ 

0 1 2 {ct^ ^ ^ M v> s m^mmm^^0^mm^&mmu<Dmm 

[0 0 15] 

|^®^CfeV^T. QAMV^y tf>yilll^l OlCj:SQAM 

vrytr^y. I FFT?g#ta]^l 2lc<fc-5tt:^MMfS[i)-iff#'*##®^fcg. 
K-Y>i?-A;i/#*nlII8&l 3 {cj;S?tf- F-f >^-A;i/M#©#An, ;5:tJf#a:^j 
^illHl«&l 4 a, 14 \>\Zi::^^Vii}\^mnm^<D-mMi^'^\%m^^(Dmi 0 iLM 

[0 0 16] 
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[0 0 17] 
[0 0 18] 

mmm^n iX'mm-^n^nmmmm.izMmhx\^^:s>i§^^v'-'St 1. o, -i 
0, -1, 0, 1 iiii%izmm.^n. zin^(Dmmhxm^tit^^-iti,t-mm.^ 

[0 0 19] 

0131C, z(D^^tj(immxm^-r^y^t^^jvtt^^m^(Dm^^^-r. 
s n s mmm ® iiJt urn h R^i^mmzm^ sti, mmm<Dm^itR 

^'ku^snz^i)fp^mmm<D4.i&<Dmmmx% +u -q. -i, +q> +i, -q 
> -I, +Q, (D^oizi^ijm:^?^nx^t?^;vm.^mm^m:titv 

[0 0 2 0] 

mi 4ic, ZL<D^oiz]^xmi^-t^7'i^^JVW:^Mmi^(D^^ ^y'if^^r- h 

^mi^-^'^^t^&xD^^mmcDixnizm^-ts. 

[0 0 2 1] 
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lC|^:m®n-l, n, n + 1 LTa^ UT ^-5 = 

[0 0 2 2] 

##$:^LTfe»J> ^©-fg-tli Ij,, 0. - I„, 0. 0. - I ' ' ' ' <D 

^■DlZmVm^tl. r®M#ttI„lC5^^B8tS[®9 OSfe^®ffi, 1, 0, -1 
, 0, • . . . S:mDfe'li^^oTV^eo 
[0 0 2 3] 

|^^lCLT'fg-^(i)liO, -Q„, 0. Qj,. 0, -Qjj, 0. • • - • ^::5ioT^^S 

o 

[0 0 2 4] 

mvm:^^ti^iini,t. z.<Dm-^(Dm''jm^miz^^i}iQm-^iz^:^^ti^^m 

[0 0 2 5] 
[0 0 2 6] 
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[0 0 2 7] 
[00 2 8] 

[0 0 2 9] 

[0 0 3 0] 
[0 0 3 1] 

1) mm^n^mmm^^. mm(Dmmmtmmmxm^-^ti^2^k7i^m± 
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p 
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<Dm^.^Mm^m^m2(oy.^y:r (i d 

[0 0 3 2] 

^^mmy-v oi^mbT, ^<om 1 (Dm^.^MmizMmt^'eti^tKD^mm 
mMm-^i^t=.^^vrm^^m^^-z>izfj:Lr=.w:^mmm^m^mm^(D^^m 

mmmm:(Dmi<Dm^.^Mm^m^QAu^^y\^>if^m do) ^, 

my-V3imm^not^i^(D^y':fvy'^mmmiimmitmmz:^^m^<Dmm. 
mizML. mMW. xit^Mmx:^^^^vrizM-t^^mmm^m^¥x^t:L 
&)<D^2<Dm-^Mmm^m^w.^'^A'^^^vrm^.^.^m^m. d d i:, 

e>tiit^ 1 <Dm^.^Mm. jkxfm2<Dm'^^Mm(Dmmm:y-v 

. xitmmmm^^^m-t^mmm:y-v:r.^m^m. (12) i:. 



g 



ffiil^2 0 0 1 -3 0 



#2 000—187362 



[0 0 3 3] 
[0 0 3 4] 

mut. '^<DmmmizmtD^m:^mmm:^m0^mm^^^mm(DWtmm^X'$> 

'e<Dm^t.mmz-o\e^xmmir^. 
r<z)^sii, QAMvvyfcf^^iajg&i 0. m.^'7j\^^^^vrm-^A^^mm 
11. i FFTtms&i 2. :ff-\^4y^-Ajvftmm^i 3, munm^^mm 

(p/s) 14, D/A^si^i 5, ]kx:^^my>c J\^^ (BPF) 19J:»;« 

[0 0 3 5] 

<om^i>tm^(Dm^.^Mn(Dmmiz'7yi:^y'^'-^nf:i^mcDW.^-t^mm.m(D^ 

■V y T'fi-^Sr^^t'S O F DM (Orthogonal Frequency Division Multiplexing 

) m^in^x^^:^tit^^p^;h^mm^if^:r.(Dmmiz^i)^^:^tix. mt!-^ 

[0 0 3 6] 

^-r, -T^i^^^H/M-^lC^m^tl. ffJii^lF#'ffcS4X}t, Mx.liMPEG (moving 
picture experts group) - 2 7^^1?ffi$itlF#ffc$ tlfc5='i^^5f ;i/B*^fg-^^ if® 

'»^«-^*^QAMy'^:/tr>t5^iiij^i oizmm^n^. 

[0 0 3 7] 

m^®M-^;^,@B«®^gCSiy^^we>ti<5^tcLT, QAM 
(quadrature amplitude modulation) ^M^^^^^^ib(D^^(D^''J BXtt^ 



1 0 
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[0 0 3 8] 
[0 0 3 9] 

Z<Di:oiZVX&m^tlt^. I (In phase) m^HQ (quadrature) -fg-^T'^ 
[0 0 4 0] 

m^-fy^^mf^^tit^m^izMi^xntDti^rci^. i f FT^ii$tiit##®iiiS[ 
mm^t.mwLmm^(Dz>^mm^m^^^itn%m^nxm^^n. z.<diff 

t!^- K-f > ^ - A;i/#iniiis& 1 3 ic#fcj^$ tiSo 

[0 0 4 1 ] 

■^(Dis- \^^y'$t-/i)viiMm^i 3T'«, I FFT^mmmizj:i)^m^n 
r^oFDMm'^(Dm&(Dm^ i^m) s:OFDM«#©m^sp^ mm) izmx 

[0 0 4 2] 

(BPF) 1 9 1CJ; y^JJI-r-SfcibCiKxil&OFDMM-^^iS^^I&^jligSIX, 

n-t^oFDMm-^ti^nf^n. zLom^nr^oFDMrn^it. mmvrj^^^mmm. 



1 1 
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[0 0 4 3] 

y T*^Q P S K (quadrature phase shift keying) JC J: U ^^$4xT^3 
I FFT^M-iino I FFT(DrjktJcN$:l 2 8 iif S^-^T'^-So 
[0 04 4] 

Z.®QPSK^^li, 4 -fglCii-S Q AM (quadrature amplitude modulation 

) mmt^mmiz^mv$>^). mnvi^^miz^z^QAM^A-QAuumt-r 

ICQ p SKi:lg^^-ev^e„ 

[0 0 4 5] 

mmiz^\>^x. mmm^^mm-t^zi^^y h<D^-^mt)^o 0^ oi, lo, 

[0 0 4 6] 

Ziri?. QAMV^y tf>^^*llli^l Oli, I F FT^gBEFJ^l 2(Z)Mmi5K#{C 
[0 0 4 7] 

u^^m^tit^ii^izm^-^n^^^'jrm^^'^ib^m-t^r^{^(Dm 
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[0 0 4 8] 

[0 0 4 9] 
[0 0 5 0] 

tr>5^7^-^ic>y-j;5$-&T, mmmmmoQ 5^*^e> i 2 3^©MMf!fOD^^ u 

[00 5 1] 

Z1©1 2 4 1*. I F FTOrjkiS[NT'&-5> 1 2 8 J: ^ 4 $:^D^#"^feSc 
[0 0 5 2] 

^ u rM#.^,^^iiij8& 1 i-e^^sti-ST^'-^ffiii, 4#S(D^^urs:^^t- 

[0 0 5 3] 
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[0 0 5 4] 
[0 0 5 5] 

:in^(D&mizm-tm(Dmmit i f ftic j: vmu-^nx^.m^ti^mm^ 
I FFT<Dmm.mmmizM-t&mmxmLxiBv, :i(Dmitm7iK(Dm3izmi^t^ 
mizMf^LXi^^o 

$gf«&iii FFTtc-e^j^stis i^-^ (^^8:^5) i:Q## immm) Tfey> i 
n - 1 «itf^©02ic:atbfe##(Z) ^^;I/^c?t^^5bTv^s„ 

[0 0 5 6] 

Z.(D^olzVX. :£_h®y^7l±l|4#S(Z)^-^U TiiHl 2 4#ScD^^ U 

^ y r«+ 1 mi 2 4#B<z):3p-vy r«- i h$tiTv%-5 3i:*^:9'*^ 

So 

[0 0 5 7] 

t0m^iZ^-t^m<D^^'7li. I F FT J: t;#^*&$tl<5|li5[glJh^lS[SP®# 
IF FTC, Z.®H®^il!IlCatb:t«ffi1iiS:#fcj^-f--S3i:{Ccfc ^® I F F 
[0 0 5 8] 

0 5 m4^Yy r®lliS:^*^+ iT% j^fit^*^- n?fe-5>i:^® i f ft 
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[0 0 5 9] 
[0 0 6 0] 

a6ic, l|4^^UT®lliS[^*^- i-e, 1 T*^si:^(Z) I F FT 

MiS[^iill4^^ur*^+ iTfescDtcMLTmi 2 4 ^^i;Ttt- 1 iisnr 

[0 0 6 1] 

^ ;i/ ® -©-^ e> ti T v> ^ V ^o 

[0 0 6 2] 

0 7 114 urcDmm^ummmif^- 1 T^-si:^© i f FT®m:fj# 

lm0^c^v^T. Hi 2 4^-vy T©^iit^ii#l4dr-Yy r^iifD- i 
^Ifi:^ttll4:^^y r*'^- i -e^-s^icMUTH i 2 4^^i;Ttt+ 1 n-^tix 

[0 0 6 3] 
[0 0 6 4] 

£A_h, I FFT®SjgM?«^!lfc®4'fiaF®M?«^t!C&=3r^Urili-€>^-^(7)QAM ( 
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QPSK) lf>^f$tlfc^g#.^,®^^M^c*fLT. mmmtmMm. mmmt 

[0 0 6 5] 

iS:®f±{c, iFFTm^^mmt^-^y-^vy'^mmm^F s nt^t^. o~ 

h.\Z.n-t ^-^(mnWiWiy^-^^ V=yh.\%F s/2'-F s /4 ®^{CM^ e>tiT V^ 

•So 

[0 0 6 6] 

^=^^UT##j#f,^leKiaS&l 1 lC#tj^L, Vxt)»^>€> I FFT^M$:4f oT^lCtt 
Tfg#^.^^iaK&<J: *; I FFT{C#tJ^$tlS^g#fCMU I FFT?^ltbT#lC 

# e> n -5 © M m ^ ^ ^ L T ^ b :^ =fo ® T ^ ^ o 

[0 0 6 7] 

^aiC^V^T, (Re) , 2S:tJf^^^ ( I m) ©^ti^tltt F s /4 

*vi>i:-rsM?SiS[^i: (3/4) F s $:«tivi>i:t- SM^^^iiS^J; y^fifeStiT v^s 

ZlZ-e, HiJtaJ© (3/4) F s S:tfi/t>i:-rSM^gi5Clltt, F s / A^y^tX^lL 
t-SM?gf^^lC*f bTM^SiS:F s /2 lC*f LT^*fl9^5&M#h bT^^^tlT^ 
^fScSP© (3/4) F s S:i4Jyi>i:f SMMiit^tt, F s /4 ^i4i>(>i:-t-2>M 
i&^^ic^ t TMt^tlt F s / 2 b T^?t*fia;^fi# i: b T $ tiT V N s 3 i: 

[0 0 6 8] 



1 6 
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[0 0 6 9] 

y > y ^ >f ^ > ^mm ^itmwmmmz^vmm-r^n^i,^. ^ <z)feffiffi«iii 
^ ^ © ^s*^ ^ o o 

[0 0 7 0] 
[0 0 7 1] 

T^^^tlSMMm (a) G)^^UT©im4ifife^ il^^. cosa) iltf^cfife^^ 
(Qfife^)-, sin a) IC. cfi^M?2l^t!C (/S) , ;5:tJfiE?&t!l^sin/S 

cos a Xcos/3 —sin a Xsin/3 
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cos ( a + /3 ) 

[0 0 7 2] 

ZlZll?, rj^CtSCTb^NT'feS I FFT?t^5^-^^rj®||M|S^Re (N) , mm^^l^ 

zf^jy^mwM (4/3) (omm.^-'^}i\^xm,-tii. 

cos/S (4N) = [ 1, 0,-1, 0, 1, 0,-1, • • • • ] 
sin/3 (4N) = [ 0, 1, 0,-1, 0, 1, 0, - • • • ] 

(OiioK. +1. O, IT'^^tlS, 4N;K-r> h (55 7=^-^3^] ^^^SttS 

[0 0 7 3] 

Zl®J:-e)lCLT#e>tlfccos|8 (4N) . j&rJ^sin/S (4N) ^IFFTmM^- 

i^nxtb^ViB (N) , :R.tJfim(N)i:S:micb, ^ti^ti^gttfc^.-e^inlc^rTIHo 

[0 0 7 4] 

cos(a + /S) = [Re(0)Xcos/S (0) — Im(0)X sin/3 (0), 
Re(0)Xcos/3 (1)-Im(0)xsin/S (1), 
Re(0)Xcos/S (2)-Im(0)Xsini8 (2), 
Re(0)Xcos/S (3) -Im(0)Xsin/3 (3), 
Re(l)Xcos/S (4)-Iin(l) Xsin/S (4), 
Re(l)xcos/S (5)-Im(l) Xsin/3 (5), 



Re(N)Xcos/3 (4N) - Im(N) X sin j8 (4N)] 
= [Re(0),-Iin(0),-Re(0),Iin(0),Re(l),-Im(l), • • • ,-Re(N) , Im(N)] 
[0 0 7 5] 

^(D^^iZVX. Re(n). Rmmin) (Omit.> i^m.m.tJEmm.(D}^:&i3^+ I . fji 

v^Ltt- i<Z)i:^ld:, ffi>y"r-5ffi:6'l*-^n ^c^oTv^^fei?). 
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[0 0 7 6] 

^l£^^. JkX:^i^^m<D^>ZfJ\/mi,t4m(D4liV$>^r:Lii). 4n+l#g, 4n+2# 
9, 4n+3SS (n=0, U 2, • • 4N) ©tt^^^^T^- ^ C^fT -SRe, jSttJ^Im 
tt^©^MlC^Jt<5Re, ^tt;^Ii»$:^e)ig»ll*'^^«5 7b'^, lll^lCli4n+l#g, 4n+2# 
4n+3#g®5^-^i:bTJi4n||@C?)7=-^$:MVNS^'^*'t#<> ^©^^H 

[0 0 7 7] 
[0 0 7 8] 

[0 0 7 9] 
[0 0 8 0] 
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[0 0 8 1] 

J:*J QAM'T'vify^MMy^-'Si^^mhr. #iOUT^{C I F F T 5:^TV^. I 
[0 0 8 2] 

MM'^fe*;. :^M®L S I CJ: ^feDSP (digital signal processor) ^ 
[0 0 8 3] 

mM^ni.. mmmz^^^^ximMmn^jt^m^Amm^ntavx 1 fft$:^t 
^xw:^mmm:^m^mm^^^m'r^:^miz'D\,^x7&^r^i!)K rwnisrgpi:^ 
m:m(DmMmt^Mm<Dm^^miihx^mm(Dm^^m^:r.iiij^x^. ^<Dm 
FFT©j^fjtMJ:y I FFTmn9im^ic\,fz.m^mtsis^mht\,^z.}i\z 

[0 0 8 4] 

^7.hmwm^m^\^xwLmhrz.iiK ^©i FFTA^igvN-9->:;/'y >i^M?2Sfsc 
^f^m(D^^b'}Ltj^^mm^^'&i^xnmtjimw^nt>^^z.}if>'^x^^o 

[0 0 8 5] 
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VtMZ^iJ^^t^iliK ^m:&^ltZLnizm^-f. BPSK^^^, 16QAM 
. 6 4 QAM, 2 5 6QAM, •^(Dm(D7'V^JVMm^iZ^J^mT^^ZLlHt^ 

[0 0 8 6] 

, ^ti^(Dm*jiiHtitir:^m^.^MmizMvx. mK.itmmmiy-v:r.^m<D^ 
^^z^ hmmmizMLxmm^(Dm^itmMmt.tjt^miz. ^mmommt^^M 
miitst^mzm^.^Mm^mavxmzmmmy-v :ii^m^n^ mmmm 

^mtmmmy-v :i^mm(Dmzw:^mmmm^mi-fxmmmm^t.&mm 
m^ii(D^mmm^n^x\^^r^i!)K ^(DW-^mmmmiJ^^mntiti). n-u^m. 
^mmmmi)^miyx\^t^n^mm^^miz j; ^mmmm. ^r=.ity=p^)vw.^^ 

s mm<^^<DWM. X it. "^(b^mmm ^^ty^jvy^jv^ x-mm^r s ii ^ © 
wm^m^m^72,^i3i^trJt^rJ:\,^}l\,^•ot-mm^m^'t^:r.tli)^x^^w.^mm 

[0 0 8 7] 

iz^L. ^tih(Dn^)i4i-f^nt^m^AmmizMi.x. mx,itmmm:y-v:ii^ 
moy-r^i^y. vmm.mz$^i.xmm.n(Dm^\tmnm>}Ltj^^m\z. 

\^xmz^mwi'7-'):r.m.^^n^h. m.mmtm-^t\.r:LB!,ijm^(Dmmm^mt. 
n%m-^t\.xmwimoym^<D^i:!^n^n^t^i^. m.mt^mwi-7-'^):r.m.m(^^k 
mzm.^mm^^nnxmm^m^t.mmm'%t.<D^^^m^^^x\i^t:LtiK 
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[HI] 

[02] 
[03] 

:^^m<Dmmmizms q am v tr > ^ ic>t*t- v;i/5^=3p ^ u r>fg 

# ® ^ ^ S: ^ ^ -5 «) ® 0 T' S o 
[04] 

[05] 

2|s:^W®||igMJc-^s«##-t*^ roij tLX-^^yi^y^^ti^t^cDm.^ 

[06] 

:*:^re<D||J6Mlc#S«#M-^*^ ri oj tLX^vifyif^n^t.^<Dm^ 
U T«#(Z)^^$:fi^'r-5 0T'^So 
[07] 

^^^mommmizm^mmm-^ii^ n nLx-^^yy^y^^n^n^om.^ 
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[®8] 
[SIO] 

[®1 1] 

[SI 2] 

[013] 
[014] 

o 

[SI 5] 

[^f#®ii^] 

10 QAMv-y tr>^iiiii& 
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